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I)UCI to lack of a standard for modclin~  the radar echo sifinal in terms  of signal unit and
coordinates as WC1l as lack of a standard ili designing the gain factors in each stage of a processor,
absolute  radiomciric  calibration of a SAR syskm is usually perfornwd  by treatinc  the sensor and
processor as one inseparable unit. ‘1’his ofkm makes the calibration procedure complicated and requirins
the involvement of both radar system cv)~incws  and processor cnfiinccrs  in the whole proms. ‘1’his  piper
introduces a standard for modeling the radar echo si~nal  and a standard in designing the Sain factor of a
ScanSAl<  proccsscm. III this pa}wr,  the radar equation is derived based on tlw amount of cncr~y instead of
the power received from a backscattcm.  I’hcse efforts lead to simple and easy-to-understand equations
for radic)nwtric  compmsation  and calibration.

1.1 N’I’I-WI )UC’1’ION

I’his paper describes t}w radiometric  con~pcnsation al~orithm  proposed for the Radarsat
ScanSAR  processor. A detailed analysis for the radar signal and noise energy distribution is also given to
facilitate the understanding of the compensation equation. A radionwtric  calibration procedure similar to
that aj@icd  to the Magcdlan  SAR data is tlm dcscribcd.

It starts with the discussion of proper scaling for the SAR raw data. It thcv] shows the scale  fackms
that ]nust be incorporated in each stage of the processing module for desigtiing a unit gain processor.
Signal and noise analysis in tmns of cnmgy arc introduced tlwn. It follows by the description of the
radionwtric  conqwnsation  process and calibration steps.

2. lJN1”IS  O1; SAR SIGNA1 , AN I) (:(X)I{l)INA’I’lIS

‘1’lw original radar signal is one ctimcnsimal  with its unit given by voltage. Its instantanccms
power can bc formulated by the square of the signal times  the reciprocal of the output  impedance of the
receiver. ‘1’hc cmv-gy over a time period is given by the inte~ration of the instantaneous powrr over that
period. ‘1 ‘his can be expressed by
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hbr a SAR systeln, a SAR processor cnginmr  usually t rcats its signal as a two dimensional one
with OIW coordinate namd the fast time T and another coordinate named the slow time f. Iii this case, the
intcrpmtat  ion of the unit of the SAR si~na]  may require some mnsidcra  t ic)n. A simple a}qwoacli  is to
make a reasonable assumption that tlw twc)-dir)~cl~siol~al  integration of the square of the signal is equal to
the total signal energy. “1’his can be expressed by
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III order  for (2) to be consistent with (1), S’ (/, T) must equal to the product of S(7) and ~i’l{f’ / Z where
I’RI;  is the pulse rc~”wt  i ticm frequcmcy.  ‘1’htls,  the’ unit of the SAR input signal  becomes  (jouk’”}  Iz) 1 /2. since
digital SAR data is quantimd  by the quanti?atim  level  of the AIX, dV , the scale factor for the SAR raw
data must also include dV. ‘1’hcreforc,  orw must convert a SAR input signal by a scale factor of
{iRf /“Z .dV bcfominput  to the SAR processor.

3. SAR CORRI;I  ,A’I’lC)N W1’1’kl  UNITY GAIN

For a burst mode  SAR like the Radarsat ScanSAR, the correlation process involves fast Iburicr
corrclat ion in range and azimuth deramp}~lrl’  process. Both proccsscs may int mducc  additional gain if
they arc not properly scaled. ~’o ensure unity gain from SAR corrclat ion process, the standard process
described below should bc followed.

A fast Fourier correlation is an ill~]>lct~~el~tatic)l~  approach for a corrcdatim or convolution process
throu@  the usc of 11’FI’ algorithm. III a range cmnpression process, the convol~ltion  cai~ tw cxprcsscd by

1R([)= C’(T) gr(~ -  T) d~

where  C(f) is the range echo data and $r(. ) is the range rcfcrcncc function designed for both rcsolu tion
compressing and impulse response shaping. Since C(f) is a random pmccss,  in order  to maintain

J ~
R2’ (/) dl = C’z (/) df, the following condition must bc satisfied

Also to be noticed is that the gain of the standard Hrl’ is not the same as that of a I~ourim transform. A
Fourier transform is given by

III discrete fcmn, it is given by

1
A conventional 1~1~1’ routine gives a nc~rmalimd  result such that a factor of Af is ignored, i.e.,

N
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‘I”hmcforc,  in evaluating the si~nal power in spcct ral domain, the gtain  of the power differs by a

factor of A?. Uascd on this, the following steps must bc impkmwntcd in the Radarsat ScanSAR  process:

[1] in range cm~pression,  aflcr the forward l;F1,  a factor of Al must bc mult i plied to the spectrum,
where At is the range sampling interval.

[2] III range cmnprmsion,  after the invmw?  l:l;l; a factor of A/ = fs/NjJ1 must k’ multiplied to the
spectrum, where f~ is the rangy? sampling frcqumcy  and AJ~~l is the range 1;171’  length.

I lowcvcr,  standard inwxse  11’1~1’ does have a scale factor of 1 /N~/l,  therefore, the factor to M
multiplied is~$ It should bc noted that the scale  factor introduced in step [2] is the reciprocalL.
of the scale factor int roctuced in step [1].

[3] III az.in]uth  compression, after }’l~l;  a factor of Al : I/}) RF’ must bc multiplied to tllc spectrum.

in azimuth  processing for the ScanSAR data, the ctmamp  refercncc function is the composite
function of the deramp  phase function and a weighting function. ‘]’hc dcramp  phase function does not
affect the radiomct ric gain, but tlw weighting function could int reduce a gain factor. T’o ensure unity gain
in azimuth processing, the wcifihting  function must tw normal i7mt, i .c.

i?



NIJ ~W2(k &f)=  ~p~W2(/(  Aj). Ly = I’RF or ‘;
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4. SIGNA1 / IIN}iI<GY  I+I<OM l’ARC;li’I’

1 .c1 the power and duration of a radar pu]sc given by I’, and 7P rcspccli vcl y, the energy

contained in a burst of radar pulses is then given by

J
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where  A@ is the number  of pulsm  in the radar burst. I’hc energy of each radar pulse is distributed to all
directions in the space with a percentage proportional to the gain of the antmna  pattern. III a SAR systcm,
the radar beam is pointed to the ground, therefore, this energy is finally distributed tc) areas within the
antenna  footprint. If the burst interval is relatively short, the amount of along-track migration of the
antenna footprint during the burst interval will bc small as compared to the dimension of the footprint.
Unctcr this assumption, wc may consider that the energy c)f all Np pulses is distributed to the footprint
with tlw .sarm distribution function as that O( a sili@ pulse. For a small area dA within the foc~tprint,  the
amount of energy rdlccted  in a burst of radar pulses is given by

(;(o,@)
Iir = Np I’, -r - ----
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where  R is the distance bctwccn  the radar and the target, G(O, @) is the antenna gain, and Of, is the radar
look angle. 1 et o be the cross section of a point-like target, the energy rcftcctcd  from this target is then
given by

If the scattmcr is iso-tropic,  the energy rcccived  by the radar antenna from the signal reflcctcd  from dA is
given by

G(U, @J) At
1<2 =  Np J’f Tp ~n-l~ o (3)

where Ac  is the effcc{ivc antenlia  area. Since  Ac is given by (A2/4 z) (;(O,@)  and the mceivm gain caIi  be

cxpreswd  by Gr, the cner$,y rcccivcd  by the receiver can bc rewritten as

G2(o, @) a2
1<2 = N{) 1’, 7P c;r ‘(4;jq  ‘~a  - *

I:or a distributed target, a cross section is substituted by the integral of the product of the backscattcring
codficimt  crO and an infini  tcsimal area of the target dA,  i .c.

(4)

“I”he noise power  of a radar is usually modeled by

I’nz K 7; IIG,

w}mc  K is Ikdt 7.nlann’s  constant, I’e is the equivalent noise tcmperdt ure, and B is the bandwidth of the
radar receiver. Within a co]lcctcd  burst echoes, the total noise mercy is given by

En = K le IJ G, Np Teclw



‘l’he amount  of noise energy  mm a fraction of the echo duration dz and a fraction of the frequency
band wicl th djcan  bc cxpressect  as

(5)

in ran~e-Doppler image domain, the amount of area covered by the cm-cspmding window of dz df can
1X ShOWI\  to be dA = d.r dy, where  dr = c d~/(2sin  Oi) and dy = A R dJi(2V~ sin 0,~ ), R is the distance

Iwtwcen  the radar and the target, Oi is the incidence angle,  and O,T~ is the radar squint ang$e.  Equation (3)

can therefore be rewritten as
4V,, sin Oi sin O~q

tin L K Ie R G, Np dx dy - -- —----
c ~ R I’RF

(6)

From the signal and noise energy givcvi in (4) and (6), the signal-to-noise  ratio can bc formulated as

r Gkwaz 7p/2) Cro I’RI’”
SNA! = –– 1— —-

2 (4 X)3V,,~~K Ye]{) sin Oi sin 0$~

6. GIlOMIi’1’lU~  RIK’I’lF’I~A’l’10N  WI’1’1 1 UNI”I”Y C;AIN

in burst mode  SAR processing, a ran~c-l>opp]cr  image is formed a ftcr range and azimuth
cmnpressirm proccsscs. ‘1”0 allow mosaicking for image framclcts obtained from SAR bursts, geometric
rcctificat  ion must be made  for each range-I hpplcr  image. As shown in section ?, there arc conversion
factors between the delay time and t}~c cross-track ground distance and between Dopp]cr frequency and
along-track ground distance. ~’o prmcrve  mergy  lCVC1,  these conversion fackms must bc properly applied
to the rccti  ficd framclcts. in cquat ion form, it is given by l;l dt d’ = I;2 dr dy. It is obvious that the scale
faclor  S = I;2/El should be equal to

,$, drdJ , 4 V~ sin Oi sin OL,q

;X- dy ‘
(7)

cAR
in Radarsat ScanSAR processing, two elevation maps will lx used; a smooth gmde mcdcl and a

fine DliM. W}wn a fine D}}M is applied, the above scale factor will vary significantly within the radar
footprint such that it must bc computed frequently. If a smooth geodc is app]icd,  S could bc a sil@e
constant for the whole framclct.

in implcnwntation,  wc may consider to combine this scale factor multiplication with the
radiomet  ric cmnpcnsation  process to reduce the overall computation load. 1 f it is done in the geomct ric
rectification process, {,$ instead of S should bc used since the signal  is still  in amplitude instead of
intensity (amplitude square).

7. RADIC)MIH”I{K Ct3M1’ENSA’llON  HQLJA’I’K)N

Now wc may formulate the radionwt ric cm~pcmsation equation under  the assumption that (1 ) the
range and azimuth compression processes arc with unity Cain,  (2) t}w gmrnct  tic rcct ificat  icm is already
compensated by the scale factor given in equation (7), and (3) the final image franwlct represents the
normalized backscattcring  coefficient. ‘1’hen, based on equation (4), the radionwtric  compensation
equation is

___ 4 ?r3R4
O()(x, y) = 1; (x, y)-

Tl)N[)l’lGrG2 (O, $)A2
(8)

where  l~(x,  y) is the square of the franw]ct pixel value in unit of joule/meter 2 if the radimnctric
compensation process not performed, pl is the tral~sl~~itt~d  radar pUISCI power in watt, and ~r is the net

receiver gain which includes gain factors from the antenna down to the AIK,
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‘1’o cmtput pixel with value in term of the backscattcring  cmfficicnt,  the gain factor of
4 z3h’4 (zPNPP,GrG2  (0, @)22 )-1 should bc multiplied to the SAR framclct  data in the radionwtric

compensation proccsss  which is usually done right before or after the geometric rectification process.

“l”he above equation is useful to corm to the understanding of the radiormtric  compensation, but,
it is difficult to realize due to many unknown factors like G ~ , Z, and Pi . A practical approac}l is to model

all the unknown factors through the radionwtric  calibration process. ‘l’his calibration process will be
dcscribcd below.

8, l{AIXCIM}{TI<lC  CAI ,IIJI{A’I’lC)N

When the gain of a SAT{ processor is unity, the radiomctric  calibration can bc broken down as the
processes to calibrate the sensor and to verify the processor gain of being unity.

‘1’o calibrate the sensor, it may bc accomplished by (1) model the gain factor S1 of t}w link

bctwcvm the transmitter end and the antenna cmd which may involve a catdc and the antenna itself  and
(2) to collect a mchirp  from an attenuated echo box directly conncctcd to the transmitter end and to
compute the sensor gain based on the attenuation factor, the transmitter power,  the radar pulse width,
and the energy  of the collcctcd  echo at the cnct of an AIX. ‘l’his  calibration will give us a constant
representing the product of the uncer[ain factor of the transmitter power  and the receiver gain from the
transmitter end to the AIX digital output. ~’his calibration constant times the product of the estimated
radar power  and the gain factor $1 will be used to replace the ~mduct  of l/( P,Gr) in equation (8).

‘lo verify that t}w gain of the processor is uni ty, wc need (1) simulated raw data of either a point-
targct rcspcmsc or a Gaussian random process, (2) an assumed set of radar parameters including I’RP and
range sampling frequency, (3) an assumed set of radar platform parameters includinc  radar position,
velocity, terrain elevation, and radar look angle. ‘1’he  SAR raw data will be processed with a set of
processing parameters derived from data given in step (2) and (3). ‘t’his process will, ]iowevw, cxcludc  the
radionwtric  compensation process. ‘1’o  satisfy the verification of processor, the total cner~y after this
process should be equal  to the total mmgy  in the raw data.

9. CONCI  ,USIC)N

%nw scale factors arc ignorcct  in the above analysis for simplification. ‘1’hcw may include thr
scale factors introduced along range as an automatic gain control for the range  intensity variation, the
transmit tcr power variation factor, the receiver gain varia t ion factor, and the at nmspherc  at tcmuat  ion
factor.

‘1’he radimmtric  compensation prc,ccss  for Radarsat ScanSAR data is Siven in this papm. ‘I’his
process requires a unity gain processor which has the advantage that tlw signals in all modules arc
calibrated such that they can be used for measuring the amount of energy. 3hc  concept of this processor is
simple, clear, and easy for ir~~~>ler~~el~tati{)]~.  ‘l’he sensor  calibration requires to collect only one radar pulse
echo reflected from an echo box. “I”his should not be difficult to obtain.
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